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(57) The recording device of an ink jet type com- 
prises a drive voltage generation circuit which, In syn- 
chronization with a timing signal given from outside, 
generates a first drive voltage having a trapezoidal wave 
form, a drive drcuit which outputs a first drive voltage to 
a piezo-vibrator in accordance with a printing signal 
given from outside and also, in synchronization with the 
timing signal, outputs a second drive voltage, which is 
used to generate such a small pulse that cannot jet out 
ink drops from a nozzle opening, to tiie piezo-vibrator in 
which a non-printing condition has continued for one or 
more cycles, and control means which stops the appli- 
cation of tiie small pulse when the time of application of 
the small pulse after completion of a printing operation 
exceeds a given time. When the ink drops have not 
been jetted out for one or more cycles, the small pulse 
is applied to thereby vibrate menisci in the neighbor- 
hood of the nozzle opening, in order to prevent the noz- 
zle opening from being dogged up without causing any 
ink mist. At the same time, at the time when the printing 
operation is interrupted and the application of the small 
pulse continues for a given time or longer, the applica- 
tion of the small pulse is stopped to thereby prevent an 
unnecessary increase in the viscosty of the ink in the 
nozzle opening which can occur due to the slight vibra- 
tions of the menisd. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a technology for 
preventing the clogglng-up of a nozzle opening in a 
recording device of an ink jet type using an ink jet 
recording head of an on-demand type. 

BACKGROUND OF THE INVENTION 

An ink jet recording head of an on-dennand type 
includes a plurality . of nozzle openings and a pressure 
generation chamber in communication with the respec- 
tive nozzle openings and is structured such that the 
pressure generation chamber can be expanded and 
contracted in accordance with a printing signal to 
thereby generate ink drops. 

By the way. when attached to a recording medium 
such as paper, the ink drops can blur on the paper 
depending on the quality of the paper or can be con- 
tacted with some other member to thereby cause a rub 
between them and. therefore, the ink is prepared in 
such a manner that the solvent thereof can be volatil- 
ized and solidified as rapidly as possible. Due to this, 
when a printing operation is interrupted, the ink solvent 
in the nozzle opening is volatilized rapidly to thereby 
cause the nozzle opening to be clogged up. In view of 
this, there are taken measures to install caps on the 
nozzle openings to thereby prevent the volatilization of 
the ink solvent. 

On the other hand, during the printing operation, 
since new ink is supplied to the nozzle openings, the 
nozzle openings are more difficult to be clogged up. 
However, some of the nozzle openings, for example, 
nozzle openings, which are situated in the upper and 
lower end portions of the recording head, have few 
chances to jet out the ink drops and, therefore, they can 
be clogged up easily. 

In order to solve this prot>lem, there is proposed a 
so called flushing operation in which, at a stage when 
the printing operation has been continued for a given 
period of time, the recording head is made to retreat into 
capping means which is disposed in a non-printing 
area, where a drive signal is applied to piezo-vibrators 
to thereby jet out the ink drops from all nozzle openings 
forcibly toward their respective caps. TNs flushing oper- 
ation can truly solve the nozzle opening dogging-up 
problem but it is necessary that the printing operation is 
interrupted and the recording head is moved to the cap- 
ping means, which lowers the printing speed extremely. 

In order to reduce the frequency of such flushing 
operation as much as possible, there are proposed a 
large number of technologies (for example. Japanese 
Patent Publication No. Sho. 55-123476. Japanese Pat- 
ent Publication No. Sho. 57-61576, U.S. Patent No, 
4.350.989) in which, during the printing operation, a 
minute drive signal incapable of jetting out the ink drops 
is applied to the piezo-vtorators respectively provided in 



a pressure generation chamber in communication with 
the nozzle openings to thereby vibrate menisci dis- 
posed adjacent to the nozzle openings, in order to pre- 
vent the nozzle openings from being clogging up. 

5 According to these technologies, there is eliminated 
the need to move the recording head to the capping 
position that is necessary for the flushing operation, 
thereby being able to prevent the lowered printing 
speed. However, in a recording head using ink hard to 

10 blur on the recording medium, such as ink which con- 
tains therein resin emulsion to thereby be able to pro- 
mote the quick formation of membrane, if the menisci 
are unnecessarily caused to vibrate slightly, then the ink 
solvent existing in the neighborhood of the menisci 

15 becomes easy to volatilize, which not only increases the 
viscosity of the ink but also promotes the membrane for- 
mation, thereby causing the nozzle openings to be 
clogged up. 

In order to solve such problem, as disclosed in U.S. 

20 Patent No. 5,329,293, there is proposed a printer of an 
Ink jet type in which, after ink drops for printing are jetted 
out. the menisci are slightly vibrated at given intervals, 
thereby being able to prevent an increase in the viscos- 
ity of the ink which is caused by the unnecessary slight 

25 vibrations of the menisci. 

However, in the actual printing, there has not been 
proposed yet a technology which Is sure to prevent the 
nozzle openings from being clogged up until a series of 
operations have been finished; that is. in the series of 

30 operations, there are included an operation to put the 
power supply into work, an operation to remove the 
recording head from the caps, an operation to can-y out 
a predetermined printing operation, and an operation to 
seal off the recording head again after completion of a 

35 printing operation. 

SUMMARY OF THE INVENTION 

It is a first object of the invention to provide a 
40 recording method for use in a recording device of an ink 
jet type, which is sure to prevent the nozzle openings 
from being dogged up during a period extending from 
the start of the power supply to the stop of the power 
supply. 

45 Also, it is a second object of the invention to provide 
a recording device of an ink jet type which is suitable for 
the above-mentioned recording method. 

Further, it is a third object of the invention to provide 
a printing method for use in a recording device of an ink 

50 jet type, which not only can prevent the ink membrane 
formation and an increase in the viscosity of the ink as 
much as possible but also can cause the menisci to 
vibrate slightly 

Still further, it is a fourth object of the invention to 

55 provide a device which is suitable for the above-men- 
tioned printing method. i 
According to the invention, there is provided a print- 
ing method for use in a recording device of an ink jet' 
type comprising: a recording head of an ink jet type 
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including a nozzle plate having a plurafity of nozzle 
openings capable of jetting out ink drops for forming 
dots on a recording medium for printir^, a pressure 
chamber formed in communication with the nozzle 
openings, and pressure generation means for applying 5 
pressure to the pressure chamber; a carriage for mov- 
ing the recording head of an Inkjet type reciprocatingly 
in the width direction of the recording medium; capping 
means disposed out of a printing area for sealing off the 
recording head; cleaning means disposed out of the 10 
printing area and capable of moving relatively to the 
nozzle plate in contact with the surface of the nozzle 
plate to thereby solve the clogged-up condition of the 
nozzle openings; and. drive signal generation means for 
supplying to the pressure generation means a drive sig- 15 
nal which causes pressure variations in the pressure 
generation chamber, the printing method is character- 
ized in that, in accordance with a drive signal for forming 
dots for printing, there is supplied to the pressure gener- 
ation means a small pulse which causes menisci 20 
formed in the nozzle openings to be vibrated in such a 
degree that the ink drops are not jetted out. 

According to the present printing method, during 
the printing operation, a small pulse is selectively 
applied to one or more nozzle openings from which the 25 
ink drops have not been jetted out for one or more 
cycles, thereby vibrating the menisci in order to be able 
to prevent the nozzle openings from being clogged up 
without generating the ink mist. At the same time, when 
the printing operation is interrupted and the small pulse 30 
^ application period continues for a given time or more, 
\the application of the small pulse is stopped to thereby 
prevent the viscosity of the ink in the associated nozzle 
opening from being increased unnecessarily. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a perspective view of an embodiment of a 4o 
recording device of an ink jet type to which the 
invention is applied: 

Fig. 2 is a section view of an emtxxliment of a 
recording head of an ink jet type for use in the 
above recording device; 45 
Fig. 3 is a tMock diagram of the whole of the record- 
ing device according to the emtxxiiment of the 
invention; 

Fig. 4 is a circuit diagram of an embodiment of a 
drive voltage generation circuit employed in the so 
above recording device: 

Fig. 5 is a circuit diagram of an embodiment of the 
above drive voltage generation circuit: 
Figs. 6(a) to 6(h) are respectively wave form charts 
of the operations of the above recording device; ss 
Fig. 7 is a flow chart of part of the operations of the 
ak)Ove recording device and. in particular, a 
clogged-up condition solving operation and a clog- 
ging-up preventing operation respectively included 



in a process which extends from the start of the 
power supply to the start of the printing operation; 
Rg. 8 is a flow chart of part of the printing process 
of the above recording device, mainly the clogging- 
up preventing operation thereof; 
Rg. 9 is a flow chart of an power cut-off step 
included in the operations of the above recording 
device; and 

Rc^. 10 (a) to 10(c) are respectively wave form 
charts of voltages respectively applied to plezo- 
vibrators during the printing operation and during 
the stop period. 

DETAILED DE SCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now. description will be given below in detail of the 
invention with reference to an embodiment shown in the 
accompanying drawings. 

Rg. 1 shows an embodiment of a structure accord- 
ing to the invention and. in particular, the structure of the 
printing mechanism and its peripheral devices of a 
printer according to the invention. In Fig. 1, reference 
character 1 designates a carriage which is connected 
through a timing belt 2 to a pulse motor 3 and is struc- 
tured such that it can be moved reciprocatingly in the 
width direction of recording paper 5 while being guided 
by a guide member 4. 

On the surface of the carriage 1 that is opposed to 
the recording paper 5, in particular, in the present 
embodiment, on the bottom surface of the carriage 1. 
there is mounted a recording head 6 of an ink jet type 
which vynll be discussed later. While ink is supplied 
thereto from an ink cartridge 7 placed on the top portion 
of the carriage 1. the ink jet type recording head 6 jets 
out ink drops onto the recording paper according to the 
movement of the carriage 1 to thereby form dots ther- 
eon, so that images and characters can be printed on 
the recording paper. 

Reference character 8 stands for a capping device 
which is disposed in a non-printing area and is struc- 
tured such that, during the printing-stop period of the 
printer, seals off the nozzle openings of the recording 
head 6. whereas it receives the ink drops from the 
recording head 6 due to the flushing operation to be per- 
formed during the printing operation. 9 designates 
cleaning means which is disposed in the neightx>rhood 
of the capping device 8 existing in the non-printing area. 
The cleaning means 9 is structured such that it wipes 
ink dregs or paper powder off the surface of the nozzle 
plate and solves the clogged-up condition of the nozzle 
opening 1 1 . which is disabled to jet out the ink drops, to 
thereby recover the ink drop jet-out ability thereof. 

Referring now to Fig. 2. an emtxxiiment of the 
above-mentioned recording head of an ink jet type is 
shown by means of the sectional structure of a pressure 
generation chamber. In Fig. 2. reference character 10 
designates a nozzle plate in which there is opened up a 
nozzle opening 1 1 . Also. 12 stands for a flow path form- 
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ing plate which includes a through hole for separating a 
pressure generation chamber 13, a through hole or a 
groove for separating two ink supply ports 14 and 14 
respectively in communication with the two sides of the 
pressure generation chamber 1 3. and a through hole for 5 
separating two common ink chambers 15 and 15 
respectively in communication with the two ink supply 
ports 1 4 and 1 4. Further. 1 6 designates a vibration plate 
which is formed of a thin plate elastically defbrmable 
when it is contacted with the leading end portion of a 
piezo-vlbrator 17 and also which is liquid-tight and inte- 
grally fixed to the nozzle plate 10 with the flow path 
forming plate 12 between them to thereby form a flow 
path unit 18. Still further, 19 stands for a base member 
which includes a storage chamber 20 for storing therein 
the pi ezo> vibrator 17 in a vibratable manner and an 
opening 21 for supporting the flow path unit 18. The 
base member 19 not only exposes the leading end por- 
tion of the piezo-vibrator 17 from the opening 21 and 
fixes the same by means of a fixing base plate 22. but 
also brings the island portion 16a of the vibration plate 

16 into contact with the piezo-vibrator 17 to thereby fix 
the flow path unit 18 to the opening 21. with tiie result 
that the present recording head is assembled. 

According to the above-mentioned structure, if the 
piezo-vibrator 17 is contracted arxJ the pressure gener- 
ation chamber 13 is expanded, then ink in the common 
ink chambers 15 and 1 5 flows into the pressure genera- 
tion chamber 13 through the ink supply ports 14 and 14. 
After the passage of a given time, if the piezo-vibrator 

1 7 is extended and the pressure generation chamber 1 3 
is contracted, then the ink of the pressure generation 
chamber 13 is compressed and the ink drops are jetted 
out from the nozzle opening 1 1 , thereby forming dots on 
the recording paper. Then, if a small pulse of such a 
level that cannot jet out the ink drops is applied to the 
piezo-vibrator 1 7 to thereby cause tiie piezo-vibrator 1 7 
to be contracted a slight amount, then the pressure gen- 
eration chamber 13 is also expanded a littie, so that 
menisci in the neighborhood of the nozzle opening 1 1 
are drawn in toward the pressure generation chamber 
13 side; and, next, if the piezo-vibrator 17 is returned to 
its original condition, then the pressure generation 
chamber is contracted so that the menisci are slightiy 
pushed back to the nozzle opening 1 1 side. 

By applying the small pulse to the piezo-vibrator 1 7 
periodically according to a printing timing in this man- 
ner, the menisci in the neighborhood of the nozzle open- 
ing are vibrated with a slight amplitude to promote the 
replacement between the ink in the neighborhood of the 
nozzle opening and the ink of the pressure generation 
chamber 13. thereby being at>le to prevent the nozzle 
opening from being clogged up. 

Now, Fig. 3 shows an embodiment of a control unit 
which is used to drive the ak>ove-mentioned recording 
head. In Fig. 3. reference character 30 designates con- 
trol means which, in accordance with a printing instruc- 
tion signal and print data from a host computer, controls 
a drive voltage generation circuit 31. a drive circuit 32 



and a canriage drive circuit 33 (all of which will be 
described lat©-) to thereby execute a printing operation, 
controls the flushing operation and the application of the 
small pulse in accordance with the timing data of timer 
mear^ 34 (which will be described later), and controls a 
cleaning operation to clean the recording head 6. 

Also, the control means 30 is structured such that, 
in accordance witii the temperature of tiie recording 
head 6 detected by temperature detect means 41, it 
controls the number of ink drops to be jetted out in the 
flushing operation, controls the amplitude of the small 
pulse, and controls the pressing force of an elastic plate 
for use in the cleaning operation, the number of times 
the elastic plate rul^ against the recording head, and 
the like. 

Further, the control means 30 controls the number 
of ink drops to be jetted out in the flushing operation in 
accordance with the print resolution of the recording 
head 6 detected by print mode judge means 42. That is. 
in the flushing operation, since the ink drops are jetted 
out using a drive signal which allows the ink drops to be 
jetted out in the printing operation, when the printing 
operation is executed in a high resolution mode, the ink 
amounts of the ink drops are so controlled as to reduce 
the areas of dots to be formed on the recording medium. 
Therefore, when the resolution is high, in order to 
increase the number of the ink drops in the flushing 
operation to thereby recover the ink jet-out ability of the 
nozzle opening, it Is necessary to secure the amount of 
ink to be jetted out. 

The drive voltage generation circuit 31 is structured 
such that it generates a first trapezokJal wave having a 
voltage value necessary for the nozzle opening 1 1 to jet 
out the Ink drops for printing or for flushing. On the other 
hand, the drive circuit 32 is structured such that it selec- 
tively applies the drive voltage of the drive voltage gen- 
eration circuit 31 to the piezo-vit>rator(s) 17 
corresponding to the print data, and applies the drive 
voltage of the drive voltage generation circuit 31 as a 
small pulse to the piezo-vibrator 1 7 that has not jetted 
out the ink drops for at least one cycle. 

Now. 35 designates a print timer which is used to 
count the continuous time of the printing operation. That 
is, the print timer 35 Is started at the time of the start of 
the printing operation, interrupts Hs time counting oper- 
ation at the end of the printing operation. arKi is set 
when the flushing operation or cleaning operation is 
executed. 36 stands for a stop timer which. In a state in 
which the power is being supplied to tiie recording 
device, counts the time during which the printing opera- 
tion is stopped. The stop timer 36 is set at the time when 
the printing operation is started, and starts to count the 
time when the printing operation is interrupted. Also. 37 
designates a small pulse timer which starts to count the 
time when there is applied a small pulse to vibrate 
slightiy menisci in the neighborhood of the nozzle even- 
ing 11. and is reset when the application of the small 
pulse is stopped. 

Further. 38 stands for a power suddIv off timer 



IS 



20 



25 



30 



35 



40 



45 



50 



4 



7 



EP0782 924 A1 



8 



w hich is started at the time when it is detected by pow er 
su pply working detect means 39 that a box-shaped 
power supply svvitch SW is tu rned off JbatJs ^the power 
su pply^ timer 38 a fter the passage,Qf,tbe_time neces- 
sa ry for^Se ca ppjQg3e/^ice^-to.sje^_off ^ recordin g. 5 
hea ds, output sa signal to de-en ergize a relay , 40 to 
thet^yimer^ to the 

re(X)rding^Vv7c^^nd^oiim the time during which the 
po^^^isl^siippl^^to^^gce^din^ 

FlgT^'s^howTarT^ of the above-men- 

tioned drive voltage generation circuit 31 and. in Fig. A, 
reference character 50 designates a one-shot mulitivi- 
brator which converts a timing signal given by an exter- 
nal device to a pulse signal having a given width, and 
outputs positive and negative signals from the output 
terminal thereof in synchronization with the timing sig- 
nal. To one terminal of the one-shot mulitivibrator 50, 
there is connected the base of an NPN type transistor 
51 to which is connected a PNP type transistor 52, The 
PNP type transistor 52, at the time when the timing sig- 
nal is input, charges a capacitor 53 at a constant current 
\f until the capacitor 53 reaches sut>stantialty a voltage 

To the other terminal of the one-shot multivibrator 
50. there is connected an NPN transistor 58. At the time 
when the timing signal is switched, the transistor 52 is 
turned off and the transistor 58 is turned on to thereby 
cause the capacitor 53 to discharge the electric charges 
stored therein at a constant current If until they are 
reduced down substantially to a voltage of zero volts. 

In other words, if the base-emitter voltage of a tran- 
sistor 54 is expressed as VBE54 and the resistance 
value of a resistor 56 is expressed as Rp then a charge 
current 1^ can be obtained in the following manner: 
i r = V BE54/'^ r ' ^ ^® Capacity of the capacitor 53 
is expressed as Cq, then the rising time Tr of the charge 
voltage can be obtained in the following manner: 
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On the other hand, if the base-emitter voltage of a 
transistor 55 is expressed as ^^^55 the resistance 
value of a resistor 57 is expressed as Rf, then the dis* 
charge current If of the drive signal can be obtained in 
the following manner: If = Vg^gg/R^. Also, the falling 45 
time can be obtained in the following manner: 



,xVh/I,. 



As a result of this, the terminal voltage of the capac- 50 
itor 53. as shown in Fig. 6(e). varies as a trapezoidal 
wave form which includes an area rising at a constant 
gradient a saturation area keeping a constant value, 
and an area falling at a constant gradient. 

The present terminal voltage of the capacitor 53 is 55 
current amplified by transistors 59 and 60 and. after 
then, it is output as a drive signal from a terminal 61 to 
the respective piezo-vibrators 17, 17. 17, — . 

Next, description will be given below of the opera- 



tion of the above-mentioned drive voltage generation 
circuit 31. 

When a timing signal is input thereto from tiie con- 
trol means 30. the drive voltage generation circuit 31 
turns on and off the transistors 52 and 58 to thereby out- 
put a drive signal having a trapezoidal voltage wave 
form. On the other hand, since bitching transistors T, T, 
T, — respectively connected to the piezo-vibrators 17 to 
be printed are turned on by a drive circuit 32 (which will 
be described later), the piezo-vibrators 17 are electri- 
cally charged by the drive signal until they reach the 
voltage Vh> 

As a result of this, a voltage signal generated in the 
drive voltage generation circuit 31 is applied to the 
piezo-vibrators 17 so that the piezo-vibrators 17 ar 
charged at a constant current Due to this charging 
operation, the piezo-vibrators 17, 17. 17. — to jet out 
the ink drops for printing are contracted and the pr s- 
sure generation chamber is expanded. This condition is 
maintained for a given time. 

When the given time has passed, the transistor 58 
turns on and a capacitor 53 is discharged and, for this 
reason, the piezo-vibrators 17. 17, 17. — are also dis- 
charged and extended, while the pressure generation 
chamber 13 is contracted, so that the ink drops are jet- 
ted out from the nozzle openings 1 1 . 

On the other hand, if the print data have not been 
input for one or more cycles, then only the switching 
transistors T, T, T. — , into which the print data have not 
been input, are turned on in accordance with a signal 
from the drive circuit 32 to be described later. As a result 
of this, the piezo-vibrators 17, 17, 17 are charged by 
means of a voltage from the drive voltage generation 
circuit 31 . However, since a pulse signal falls down dur- 
ing the rising process of the voltage due to such charg- 
ing, the switching transistors T. T. T, — are caused to 
turn off, so that the charging with respect to these piezo- 
vibrators 17, 17, 17, — , is terminated at the voltage Vs 
that has been obtained up to the then time. 

In this manner, while the piezo-vibrators are 
charged at the voltage Vs. if the transistor 58 turns on 
after the passage of a given time to thereby discharge 
the charges of the piezo-vibrators 17, 17, 17, — , then 
the piezo-vit^rators 17 are extended by an amount pro- 
portional to the charged voltage Vs. 

As a result of this, as shown in Fig. 6(g). the piezo- 
vibrators 17 are extended by an amount of displace- 
ment smaller than that during printing, thereby being 
unable to jet out the ink drops from the nozzle opening 
11. That is. the pressure generation chamber 13 is 
expanded and contracted slightiy to thereby indue 
slight vibrations in the menisci in the neighborhood of 
the nozzle opening 11. Such slight vibrations of the 
menisci replace the ink in the neighborhood of the noz- 
zle opening 1 1 left in a non-printing condition with the 
ink of the pressure generation chamber 13 having a rel- 
atively lower viscosity to thereby lower the viscosity of 
the ink of the nozzle opening 1 1 , so that the time neces- 
sary for the nozzle opening 11 to be clogged up can be 
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extended. 

After then, the piezo-vibrator 17, which belongs to 
the nozzle opening 1 1 to form dots according to the tim- 
ing signal, is charged and discharged at such a voltage 
that permits generation of the ink drops, whereas the 
piezo-vibrator 1 7 into which the print data have not been 
input for one or more cycles is charged and discharged 
at a low voltage Vs insufficient to jet out the ink drops, 
thereby vibrating the menisci of the nozzle opening 1 1 
slightly. 

Now, Fig. 5 shows an embodiment of the above- 
mentioned drive circuit 32 and, in Fig. 5, reference char- 
acter 71 designates a shift register which is connected 
with its slave flipftops F1, F1, F1, — and transfers the 
print data sequentially according to shift clocks. 

70 stands for a latch circuit which is connected with 
its slave flipflops F2, F2, F2, — , latches a signal from 
the shift register 71 by means of a latch signal, and out- 
puts a select signal to switching transistors T. X T — 
which are respectively connected with the piezo-vibra- 
tors 17. 17, 17.—. 

72 designates switching means which includes two 
input terminals A and B. In the switching means 72. the 
print data are input to the terminal A and, on the other 
hand, to the terminal B. there are input through an Or 
gate 74 not only the print data to be printed at the next 
timing but also inverted signals obtained by inverting the 
print data to be printed at the current printing operation 
output from the shift register 71 by an inverter 73. Also, 
the switching means 72 can select a data input for print- 
ing or application of a small pulse in accordance with a 
select signal from the control means 30. 

Next, description will be given below of the opera- 
tion of the drive circuit 32 with reference to a timing 
chart shown in Figs. 6(a) to 6(h). 

At the (n-l)-th printing cycle just before a printing 
target cycle (the n-th printing cycle), the terminal B of 
the switching means 72 is selected according to the 
select signal, and the printing target data of all of the 
nozzle openings are input to the shift register 71 in syn- 
chronization with the shift clocks. 

Then, at the time tn-1 when the trapezoidal drive 
voltage signal output in synchronization with a timing 
signal generated each time the recording head 6 is 
moved a given distance reaches the ground level, the 
drive circuit 32 outputs a latch signal, the data that are 
stored in the shift register 71 are latched all together by 
the latch circuit 70, and tfie switching transistors T. T. T, 
-- are respectively controlled to turn on and off. 

That is, only the switching transistor(s) T, which cor- 
r spond{s) to the nozzle opening(s) that jet(s) out the 
ink drops at the just previous printing cycle ((n-l)-th 
printing cycle) but do(es) not jet out the ink drops at the 
next printing cyde (n-tii printing cycle), is (are) turned 
off selectively, and the transistors T corresponding to 
the other nozzle openings are turned on; and. after 
then, until the time tn when the latch signal is input to the 
latch drcuit 70. the above condition is maintained, and, 
through the switching transistors T which are on at the 



n-th printing cycle of the printing target the correspond- 
ing piezo-vibrators 1 7, 1 7, —are charged up to the slight 
voltage Vs. 

After the data are latched at tiie time tn-1 . the termi- 

5 nal A of the switching means 72 is selected in accord- 
ance with a select signal, the printing target data are 
output to the shift register 71 in synchronization with the 
shift clock similarly to tiie above-mentioned case, and 
only the print target data are latched by the latch circuit 

10 70 at the time tn- 

After then, if the print data are the data that allow 
the ink drops to be jetted out. then the piezo-vibrators 
17. 17. ™ are continuously charged up to the voltage 
Vh- On the other hand, in the piezo-vibrators 17. 17, — 

15 which receive the data that prevent the ink drops from 
being jetted out. the charging thereof is stopped at the 
time when they are charged up to tiie voltage Vs, and, 
after then, tiie voltage Vs is maintained. 

After then, since the drive voltage signal falls down 

20 suddenly, the piezo-vibrators 17. 17. — charged up to 
the voltage Vh are discharged suddenly to thereby con- 
tract the pressure generation chamber 13. so tiiat the 
ink drops can be jetted out from the nozzle opening 1 1 . 
Also, because the piezo-vibrators 17. 17. — charged up 

25 to the voltage Vg are discharged at a slight voltage Vs. 
they are not able to jet out tiie ink drops but are only 
allowed to vibrate the menisci in the neight>orhood of 
the nozzle opening 1 1 . 

According to the thus structured drive circuit 32, as 

30 shown in Figs. 1 0(a) to 1 0(c) , after tiie ink drops are jet- 
ted out. the small pulse (Fig. 6 (g)) is applied after a stop 
period consisting of at least one cycle. Therefore, even 
if the ink drops for printing are jetted out and the menisci 
are vibrated greatly after the jetting-out of tiie ink drops. 

35 the vibrations of the menisci are dampened during the 
stop period. Due to this, even if the menisci are continu- 
ously caused to vibrate slightly in accordance with the 
small pulse, the menisci cannot be vibrated at such a 
great amplitude that can jet out the ink drops or can 

40 cause the nozzle plate to get wet. 

Here, the above-merrtioned small pulse may be 
preferably applied even when the ink drops are not jet- 
ted out from the recording head 6, for example, when 
the supply of the print data is stopped, or when the 

45 recording paper is being delivered in the printing proc- 
ess, as. will be described later. In this case, the applica- 
tion of the small pulse can be realized by outputtlng as 
the print data the data that do not jet out the ink drops, 
such as null data to tiie drive circuit 32 regardless of the 

so printing signal but according to only the timing signal. In 
this manner, even in a state in which the ink drops for 
printing are not jetted out. the application of the small 
pulse can prevent the nozzle opening 11 from being 
clogged up. 

55 Next, description will be given below of the entire 
operation of the recording device, which extends from 
the start of the supply of the power to the thus struc- 
tured recording device and to the stop of the supply of 
the power to tiie device, with reference to flow charts 
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respectively shown in Rgs. 7 to 9. 

At first, if the box-shaped power supply switch SW 
is turned on (In Rg. 7, Step 100), then the carriage 1 is 
moved to its home position and a cleaning operation is 
executed (in Rg. 7. Step 101). s 

This cleaning operation is carried out in accordance 
with the length of the power supply off time T1 clocked 
by the power supply off timer 38. that is. the length of the 
time during which the recording device has been 
stopped: in particular, when the pow^ supply off time 
T1 is equal to or less than a first reference time Ta, such 
as 6 hours, the cleaning operation is not carried out; 
and. when the power supply off time T1 exceeds the first 
reference time Ta, the cleaning operation Is executed in 
such a manner that the number of times the nozzle plate 
10 is rubbed by an elastic plate forming the cleaning 
means 9, the rubbing force and speed of the nozzle 
plate 10 by the elastic plate, and the like are adjusted 
according to the actual power supply off time T1 . At a 
stage where the cleaning operation is erxJed, the stop 
time 36 is reset and is started again to thereby dock or 
count the time of the printing stop condition while the 
power supply is being put to work (in Rg. 7. Step 102). 

In a state in which a printing instruction is not input 
(in Rg. 7. Step 103) and. at the same time, in a state in 
which the recording head 6 is not sealed off by the cap- 
ping device 8 (in Fig. 7, Step 104) and a small pulse is 
applied and the nozzle opening 1 1 is thereby prevented 
from being clogged up (in Fig. 7. Step 105), if a dock 
time T2 clocked by the small pulse timer 37 exceeds a 
second reference time Tb such as 20 sec. (in Fig. 7, 
Step 106). the application of the small pulse is stopped 
(in Fig. 7, Step 1 07) and the small pulse timer 37 is reset 
(in Fig. 7. Step 108). waiting for the input of the printing 
instruction (in Fig. 7, Step 103). This prevents the ink 
solvent against volatilization due to the vibrations of the 
menisci in the neighborhood of the nozzle opening 11. 
thereby being able to maintain a state in which the 
clogged-up condition of the nozzle opening 1 1 can be 
solved easOy by tiie cleaning means 9. 

The second reference time Tb can be changed 
properly according to the peripheral environment tem- 
perature that is detected by temperature detect means 
41 . That is. if the peripheral environment temperature is 
higher than the normal temperature, the second refer- 
ence time Tb is shortened down to 10 sec. or so and. if 
the former is lower than the latter, then the second ref- 
erence time Tb is extended up to 40 sec. or so. 

Also, when the recording head 6 is not sealed off by 
the capping device 8 (in Rg. 7, Step 104) and the appli- 
cation of the small pulse initially being executed is inter- 
rupted (in Fig. 7, Step 105). it is checked whether the 
clocked time T3 of the stop timer 36 exceeds a third ref- 
erence time Tc or not. If it is found that the clocked time 
exceeds the third reference time Tc (in Rg. 7. Step 109). 
then the recording head 6 is moved to the wait position 
(in Fig. 7. Step 110) and the nozzle plate 10 is cleaned 
by the cleaning means 9. thereby preventing the nozzle 
opening 11 from being clogged up or solving the 



dogged-up condition of the nozzle opening 1 1 (in Rg. 7. 
Step 111). 

The third reference time Tc can be changed prop- 
erly according to the peripheral environment tempera- 
ture that is detected by the temperature detect means 
41 . That is. if the detected peripheral environment tem- 
perature is higher than the normal temperature, the third 
reference time Tc is shortaied and, if the former Is 
lower than the latter, then the third reference time Tc Is 
extended. 

After completion of the cleaning operation, the 
recording head 6 is sealed off by the capping device 8 
(in Fig. 7. Step 112) and the stop timer 36 is reset (in 
Fig. 7, Step 102), waiting for the input of the printing 
Instruction (in Fig. 7, Step 103). Here, when a time T3 
docked by the stop timer 36 does not exceed tiie third 
reference time Tc (in Fig. 7, Step 109). the recording 
device is held In a state In which the dogged-up nozzle 
opening can be solved by the cleaning operation and. 
therefore, the control means 30 may wait for the input of 
a printing instruction as it is (in Fig. 7, Step 103). 

In this state, if a printing instruction is input from a 
host computer (not shown) (in Fig. 7. Step 103), then 
the control means 30 judges whether the recording 
head 6 is sealed off by the capping device 8 or not. If it 
is found that tiie recording head 6 is released from the 
capping device 8 or is not sealed off by the capping 
device 8 (in Fig. 7. Step 1 13). then the control means 30 
judges the stop time In accordance with the clocked 
time of the stop timer 36. If it is found that the stop time 
T3 in the above-mentioned released state does not 
exceed the third reference time (in Fig. 7, Step 114). 
tiien the control means 30 applies a drive signal from 
the drive signal generation circuit 31 to alt of the piezo- 
vibrators 17 to thereby cause all nozzle openings to jet 
out the predetermined number of ink drops, for exam- 
ple, 200 ink drops per nozzle opening to the ink receive 
portion such as the capping device 8. thereby executing 
a flushing operation (in Fig. 7, Step 115). This flushing 
operation eliminates completely the fear that the nozzle 
opening can be clogged up. so that the recording device 
can be moved to the printing process. 

The number of ink drops to be jetted out can be set 
according to the peripheral environment temperatur 
that is detected by the temperature detect means 41. 
That is, when the detected peripheral environment tem- 
perature is higher than the room temperature, the 
number of ink drops is increased up to a number greater 
than that at the normal temperature and, on the other 
hand, when the detected peripheral environment tem- 
perature is lower than the room temperature, th 
rujmber of Ink drops Is decreased down to a number 
smaller than that at the norrral temperature. 

After completion of the flushing operation, the con- 
trol means 30 applies the ak30ve-mi5ntioned small pulse 
to the respective piezo-vibrators 17 of the recording 
head 6 (in Rg. 7. Step 1 16) to cause the menisci of the 
nozzle openings to vibrate slightly, thereby maintaining 
the nozzle openings 13 in the printable condition. At the 
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Stage when the application of the slight vibrations is 
ended, the stop timer 36 and small pulse timers 37 are 
reset and are then started, and further the interrupted 
condition of the printing timer 35 is removed and the 
printing timer 35 is started (in Fig. 7, Step 11 7), so that 
the recording device is moved to the printing process 
and the control means 30 waits for the input of the print- 
ing data. 

On the other hand, when the recording head 6 has 
been released from the capping device 8 for the third 
reference time Tc or longer (in Fig. 7, Step 114). the 
recording head 6 is moved to the wait position and the 
cleaning operation is executed (in Fig. 7, Step 118). 
This can surely solve such dogged-up condition that 
cannot be solved by the flushing operation. At the stage 
when the cleaning operation is ended, through the 
flushing operation to be carried out as the need arises, 
the small pulse is applied to the recording head 6 (in 
Fig. 7. Step 116) to thereby vibrate the menisci of the 
nozzle opening 11 slightly This prevents the nozzle 
opening, which has recovered its ink drop jet-out ability, 
from being clogged up and also makes it possible to 
wait for the input of a printing signal while maintaining 
the printable condition. At the same time when the 
menisci are vibrated slightly, the processing jumps over 
to the step (1 1 7) of Fig. 7 and waits for the input of the 
print data. 

On the other hand, at the time when the printing 
instruction is input (In Fig. 7, Step 103). when the 
recording head 6 is sealed off by the capping device 8 
(in Fig. 7. Step 113), the recording head 6 is removed 
from the capping device 8 to thereby open the recording 
head 6 into the printable condition (in Fig. 7, Step 119). 
a similar cleaning operation to be above-mentioned 
case is carried out (in Rg. 7, Step 120). the small pulse 
is applied to the piezo-vibrator 1 7 of the recording head 
6 (in Fig. 7. Step 1 16) to vibrate the menisci of the noz- 
zle opening 1 1 slightly, thereby extending the time nec- 
essary to reach the dogged-up condition of the nozzle 
opening. After then, the stop timer 36 and small pulse 
timer 37 are reset in accordance with the application of 
the small pulse and are then started, and further the 
interruption of the printing timer 35 is removed and the 
printing timer 35 is then started (in Fig. 7. Step 117), 
waiting for the input of the printing data. 

When the printing preparation is made in accord- 
ance with a printing instruction and the printing data are 
then input, the control means 30 executes a series of 
printing operations base on the printing data input (in 
Rg. 8. Step 127) until the small pulse timer 36 clocks 
the second reference time Tb (in Rg. 8, Step 121). 

If the time clocked by the small pulse timer 36 dur- 
ing the printing operation reaches the second reference 
time Tb (in Rg. 8. Step 121). then the control means 30 
moves the carriage 1 out of the printing area according 
as the recording head 6 is moved to the flushing posi- 
tion, for example, toward the capping device 8 side dur- 
ir^ the printing process to thereby cause the recording 
head 6 to be disposed opposedly to the capping device 



8 (in Rg. 8. Step 122). where a given number of ink 
drops corresponding to. for example. 60 dots are jetted 
out to thereby carry out a periodical flushing operation 
(in Fig. 8, Step 1 23). At the time when the flushing oper- 
5 ation is ended, the small pulse timer 37 is reset to 
thereby cause the small pulse timer 37 to resume its 
time clocking operation (in Rg. 8. Step 1 24). 

When the print data are still present and the printing 
operation is executed continuously after the completion 
10 of the flushing operation (in Fig. 8. Step 125), if the 
accumulated time T4 of a series of printing operations 
clocked by the printing timer 35 is equal to or less than 
a fourth reference time Td such as 2 hours (in Fig. 8. 
Step 126). then, without carrying out the cleaning oper- 
as ation. a flushing operation is executed and the menisci 
of the nozzle openings are vibrated slightly to thereby 
prevent the nozzle openings 1 3 from being clogged up 
and print the printing data (in Rg. 8, Step 127). 

The fourth reference time Td may be shortened 
20 when the peripheral environment temperature that is 
detected by the temperature detect means 41 is higher 
than the room temperature, or may be extended when 
the detected tenperature is lower than the room tem- 
perature. 

25 When the series of printing operations become 
longer and thus the accumulated time T4 of the printing 
timer 37 exceeds the fourth reference time Td (in Rg. 8, 
Step 126). the control means 30 interrupts the printing 
operation forcibly and moves the recording head 6 to 

30 the cleaning means 9, where the nozzle plate 10 is 
cleaned (in Fig. 8. Step 128). After completion of the 
cleaning operation, the printing timer 35 is reset and is 
then started again (in Fig. 8, Step 129). 

If the printing of all of the print data Is completed (In 

35 Fig. 8, Step 125), then the control means 30 starts the 
time clocking operation of the stop timer 36. stops the 
time clocking operation of the printing timer 35 (in Rg. 8, 
Step 130), and junrps over to the step (103) of Fig. 7. At 
the time of conrpletion of all of the print data (in Fig. 8. 

40 Step 125). regardless of the print data, the small pulse 
is applied to the recording head 6 to vibrate the menisci 
of the nozzle opening 1 1 slightly to thereby exterxf the 
time necessary for the nozzle opening 13 to be clogged 
up, while maintaining a state In which, when the print 

45 data are Input again within a short time, the thus input 
print data can be printed immediately. 

While the control means 30 is vibrating the menisci 
of the nozzle opening 1 1 slightly and Is waiting for the 
input of a print instruction, if the print Instruction is not 

so input (in Fig. 7. Step 103), the recording head 6 is not 
yet sealed off by. the capping device 8 (in Fig. 7, Step 

104) , and the continuous time of the slight vibrations 
due to the application of the small pulse (in Rg. 7. Step 

105) reaches the second reference time Tb (In Fig. 7. 
55 Step 106). then the control means 30 stops the applica- 
tion of the small pulse (in Fig. 7. Step 107). resets the 
small pulse timer 37 (in Fig. 7. Step 1 08). and waits con- 
tinuously for the input of a printing instruction (in Rg. 7, 
Step 103). 
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Hiis prevents the ink solvent from being volatilized 
due to the unnecessary slight vibrations of the menisci 
during the long waiting time after completion of the 
printing operation, so that the nozzle opening can be 
maintained in an ink jettable condition by means of the 
flushing and cleaning operations. 

In the waiting state, if the power supply switch SW 
is operated and the cut-off of the power is thereby 
instructed (in Fig. 9. Step 131). then the control means 
30 detects whether the recording head 6 is still released 
from the capping device 8 or not. That is. if it is found 
that the recording head 6 is not sealed off by the cap- 
ping device 8 (in Fig. 9. Step 132). then the recording 
head 6 Is cleaned by the cleaning device 9 (in Fig. 9, 
Step 133) and, after then, the recording head 6 is 
sealed off by the capping device 8 (in Fig. 9. Step 134), 
thereby holding the recording head 6 in a state in which, 
when the power supply is put to work next, it is able to 
perform a printing operation at once. 

At the stage where it is confirmed that the recording 
head 6 is sealed off by the capping device 8 in this man- 
ner, the control means 30 starts the power supply off 
timer 38 and also resets the printing timer 35. stop timer 
36 and small pulse timer 37 respectively (in Fig. 9. Step 
1 35). And. if the power supply off timer 38 is timed up (in 
Fig. 9. Step 136). then the relay 40 is de-energized to 
thereby cut off the supply of the power to the whole 
recording device is de-energized, and the time clocking 
is started again to clock the time during which the 
recording device is left in the power supply off condition 
(in Fig. 9, Step 137). 

In the above-mentioned embodiment, the time dur- 
ing which the power is not supplied to the recording 
device is clocked by the power supply off timer which is 
used to carry out a delay operation for power cut-off. 
However, this is not limitative but. for example, even if 
there is provided a special timer which is used exclu- 
sively to clock the time of the power supply off condition, 
it is dear that a similar operation can also be achieved. 

Also, in the above-mentioned embodiment, descrip- 
tion has been given of the recording head of an ink jet 
type which uses a piezo-vibrator having a vertical vibra- 
tion mode as the pressure generation means thereof. 
However, the invention is not limited to this but. clearly, 
the invention can also be applied to a recording head 
using a piezo-vibration-plate which is formed in a plate 
shape or a film shape and can be flexibly vibrated, or a 
recording head using a heat generation element which 
generates Joule heat within a pressure generation 
chamber to vaporize ink to thereby generate pressure. 

POSSIBILITY OF THE INDUSTRIAL USE 

For example, ink. which contains the following com- 
ponents, blurs little and can form minute dots on the 
recording medium: 2 wt% of pigment, 15 wt% of resin. 3 
wt% of di-ethylene glycol, 10 wt% of thickening agent, 1 
wt% of surface active agent, and 69 wt% of water. 

The inventors studied the time necessary for the 



nozzle opening to be clogged up using the above ink. 
Our study shows that, unless there was carried out a 
flushing operation in which 300 pes. of ink drops per 
nozzle opening are jetted out from the nozzle opening 

5 every 10 seconds under the low temperature environ- 
ment, every 5 seconds in the normal terrperature, and 
every second in the high terrperature environment, the 
first-time ink drops could not be jetted out in synchroni- 
zation with the printing data or there occurred the poor 

10 jetting-out of the ink drops. When the filching operation 
was not executed for 30 minutes, the jet-out ability of the 
nozzle opening could not be recovered only by execut- 
ing the flushing operation if a cleaning operation was 
not earned out. 

15 On the other hand, when the atwe-mentioned 
printing method according to the invention was applied 
to the recording device using the same ink. since th 
menisci were vibrated slightly, the time necessary for 
the first-time ink drops to be unjettable could be 

20 extended up to 300 seconds in the low temperature 
environment, 240 seconds in the normal temperatur 
environment, and 120 seconds in the high temperatur 
environment. 

Also, when a continuous printing operation was car- 

25 ried out while performing the flushing operation every 
120 seconds under the high temperature environment, 
at the time of the passage of abouX 1 hour, it was found 
that the ink amounts of the ink drops jetted out were 
reduced; but. when a continuous printing operation was 

30 carried out again while performing the flushing opera- 
tion every 60 seconds, the poor jetting-oul of the ink 
drops did not occur before the passage of 2 hours. In 
the light of this test as well, it is clear that a printing 
method according to the invention not only can prevent 

35 the reduction of the printing speed as muc^ as possible 
but also can extend effectively the time for the nozzle 
opening to be clogged up. 

As has been described heretofore, according to the 
invention, the cycle of the jetting-out of the ink drops to 

40 be executed out of the printing area for recovery of the 
ink jet-out ability of the nozzle opening can be extended 
as much as pos5it>le to thereby reduce the number of 
times the printing operation is interrupted, which in turn 
can improve the printing speed as well as can prevent 

45 the waste of ink. 

Also, during the printing period, when the ink drops 
are not jetted out for one or more cycles, the small pulse 
is applied to thereby be able to vibrate slightly the 
menisci of the nozzle opening, which in turn makes it 

so possible to prevent the nozzle opening from being 
clogged up without producing any ink mist. At the same 
time, when the printing operation is interrupted and the 
application of the small pulse continues for a given time 
or longer, then the appfication of the small pulse may be 

55 Stopped. That is. even when there is used such ink that 
is easy to form a membrane or increase the viscosity 
thereof, the nozzle opening can be prevented against 
such dogged-up condition that can result in the unre- 
coverable ink drop jet-out condition, without the capping 
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means executing the sealoff operation. Due to this, the 
sealing operation of the recording head by the capping 
means, which requires time for installation and removal 
thereof, can be reduced as much as possfole. so that 
the printing speed of the recording device can be 
improved. 

Claims 

1- A printing method for use in a recording device of 
an ink jet type which includes a recording head of 
an ink jet type including a nozzle opening for jetting 
out ink drops for forming dots on a recording 
medium, a pressure generation chamber formed in 
communication with the nozzle opening, pressure 
generation means for applying pressure to the 
pressure generation chamber, and drive signal gen- 
eration means for supplying to the pressure gener- 
ation means a drive signal for changing the 
pressure of the pressure generation chamber: com- 
prising the step of: 

supplying a small pulse to the pressure gener- 
ation means in accordance with a timing signal 
for printing so as to vibrate menisci formed in 
tiie nozzle opening to such a slight degree that 
the ink drops cannot be jetted out. 

2- The printing method according to claim 1, wherein, 
while the recording head of an ink jet type is situ- 
ated in a terminal end portion of a printing area and 
a carriage for moving the recording head of an ink 
jet type reciprocatingly in a width direction of the 
recording medium is stopping a printing operation 
for change of direction, only the small pulse is 
applied to the recording head of an ink jet type. 

3- The printing method according to claim 1, wherein, 
when the time for application of the small pulse 
exceeds a second reference time which is set equal 
to or shorter than the time necessary for the nozzle 
opening to t>e clogged up even when the menisci 
are vibrated slightiy due to the application of the 
small pulse, the drive signal enabling the nozzle 
opening to jet out ink drops is applied to thereby 
execute a flushing operation for jetting out a given 
number of ink drops. 

4. The printing method according to daim 3. wherein 
the given number of Ink drops can be changed in 
accordance with a peripheral environment temper- 
ature. 

5. The printing method according to claim 1, wherein, 
during ttie second reference time extending from 
the time of completion of a printing operation to the 
time when the jetting-out of the ink drops from the 
nozzle opening becomes Impossit^e, the small 
pulse is applied to thereby cause the menisci to 



vibrate slightly, and at the time when the second ref- 
erence time has passed, the application of the 
small pulse is stopped. 

5 6. The printing method according to daim 5, wherein, 
at the time when a printing signal is input again 
after the stop of application of the small pulse, a 
drive signal enabling the ink drops to be jetted out is 
applied to the nozzle opening and a given number 

10 of ink drops are jetted out from the nozzle opening, 
before a printing operation is canried out 

7. The printing method according to claim 5, wherein 
the second reference time can be changed in 

15 accordance with a peripheral environment tenrper- 
ature. 

8. The printing method according to daim 1 , wherein, 
at the time when a third reference time permitting 

20 the jetting-out of ink drops for the next printing has 
passed after the time of completion of a printing 
operation, the recording head of an ink jet type is 
moved to cleaning means disposed out of a printing 
area and is then cleaned by the cleaning means. 

25 

9. The printing method according to claim 8. wherein 
the third reference time can be changed in accord- 
ance with a peripheral environment temperature. 

30 10. The printing metiiod according to daim 1 , wherein, 
at the time when the accumulated time of the print- 
ing operation exceeds a fourth reference time, the 
printing operation is interrupted, and the recording 
head of an ink jet type is moved to cleaning means 

35 disposed out of a printing area and is then deaned 
by the cleaning means. 

11. The printing method according to claim 10, wherein 
the fourth reference time can be changed in accord- 

40 ance with a peripheral environment temperature. 

1 2. A recording device of an ink jet type comprising: 

a recording head of an ink jet type including a 
45 nozzle opening for jetting out ink drops for 

forming dots on a recording medium, a pres- 
sure generation chamber formed in communi- 
cation with the nozzle opening; 
pressure generation means for applying pres- 
50 sure to the pressure generation chamber; 

drive signal generation means for supplying to 
the pressure generation means a drive signal 
for changing the pressure of the pressure gen- 
eration chamber; and 
55 control means, in accordance with a print tim- 

ing signal, for supplying to the pressure gener- 
ation means a small pulse to cause menisci 
formed in the nozzle opening to vibrate to such 
a degree that ink drops cannot be jetted out 
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from the nozzle opening. 

13. The recording device of an ink jet type according to 
claim 12, wherein, while the recording head of an 
ink jet type is situated in a terminal end portion of a s 
printing area and a carriage for moving the record- 
ing head of an Ink jet type redprocatingly in a width 
direction of a recording medium is stopping a print- 
ing operation for change of direction, the control 
means applies only the small pulse to the recording io 
head of an Ink jet type. 

14. The recording device of an ink jet type according to 
claim 12, wherein, when the time for application of 
the small pu^e exceeds a second reference time is 
which is set equal to or shorter than the time neces- 
sary for the nozzle opening to be clogged up even 
when the menisci is vibrated slightly due to the 
application of the small pulse, the control means 
applies to the nozzle opening the drive signal ena- 20 
bling the nozzle opening to jet out ink drops to 
thereby execute a flushing operation for jetting out a 
given number of ink drops. 

1 5. The recording device of an ink jet type according to 2S 
claim 14. wherein the control means can change 
the given number in accordance with a peripheral 
environment temperature that is detected by tem- 
perature detect means. 

30 

16. The recording device of an ink jet type according to 
claim 12, wherein, during the second reference 
time extending from the time of completion of a 
printing operation to the time when the jetting-out of 
the ink drops from the nozzle opening becomes 35 
impossible, the control means applies the small 
pulse to thereby cause the menisci to vibrate 
slightly and at the time when the second reference 
time has passed, the control means stops the appli- 
cation of the small pulse. 40 

17. The recording device of an ink jet type according to 
claim 16, wherein, at the time when a printing signal 
IS input again after the stop of supply of the small 
pulse, a drive signal enabling the Ink drops to be jet- 45 
ted out from the nozzle opening is applied to the 
nozzle opening to thereby jet out a given number of 

ink drops, and a printing operation is executed after 
jetting-out of the given numt;>er of ink drops. 

so 

18. The recording device of an ink jet type according to 
claim 16, wherein the control means can change 
the second reference time in accordance with a 
peripheral environment tenperature that is 
detected by tenperature detect means. 55 

19. The recording device of an ink jet type according to 
claim 12. wherein, at the time when a third refer- 
ence time allowing ink drops for the next printing to 



20 

be jetted out has passed since an end of a printing 
operation, the control means moves the recording 
head of an ink jet type to cleaning means and then 
causes the cleaning means to dean the recording 
head. 

20. The recording device of an Inkjet type according to 
daim 19. wherein the control means can change 
the third reference time in accordance with a 
peripheral environment temperature that is 
detected by tempa-ature detect means. 

21. The recording device of an ink jet type according to 
daim 12, wherein, at the time vA\en the accumu- 
lated time of a printing operation exceeds a fourth 
reference time, the control means interrupts the 
printing operation and moves the recording head of 
an ink jet type to deaning means, and then causes 
the cleaning means to clean the recording head. 

22. The recording device of an Inkjet type according to 
daim 21. wherein the control means can chang 
the fourth reference time in accordance with a 
peripheral environment temperature that is 
detected by temperature detect means. 

23. A printing method for use in a recording device of 
an ink jet type which includes a recording head of 
an ink jet type including a nozzle opening for jetting 
out ink drop>s for forming dots on a recording 
medium, a pressure generation chamber formed in 
conruminication with the nozzle opening, and pres- 
sure generation means for applying pressure to the 
pressure generation chamber and, drive voltage 
generation drcult for generating a first drive voltage 
having a trapezoidal wave form in synchronization 
with a timing signal provided from outside, compris- 
ing the steps of: 

outputting a first drive voltage to a piezo-vlbra- 
tor In accordance with a printing signal given 
from outside: and 

selectively applying a second drive voltage for 
generation of such a small pulse that cannot jet 
out Ink drops from the nozzle opening to the 
piezo-vibrator in which a non-printing corxiition 
has continued for one or more cydes in syn- 
chronization with the timing signal. 

24. The printing method according to claim 23. wherein 
the supply of the small pulse is stopped when the 
time of supply of the small pulse exceeds a given 
time after completion of a printing operation. 

25. The printing method according to claim 23. wherein 
the small pulse is applied in accordance with Or of 
an inverted data of print data being currently printed 
and the print data to be printed at the next print tim- 
ing. 
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26. The printing method according to claim 23. 
wherein, at the time when a printing instruction is 
input from outside, if the recording head of an Inkjet 
type has been released from capping means for the 
third reference time or longer without executing a 5 
printing operation, then, after execution of a flush- 
ing operation, the small pulse is applied. 

27. A recording device of an ink jet type conrprising: 

10 

a recording head of an ink jet type including a 
nozzle opening for jetting out ink drops for 
forming dots on a recording medium; 
a pressure generation chamber formed in com- 
munication with the nozzle opening; 15 
pressure generation means for applying pres- 
sure to the pressure generation chamber; 
a drive voltage generation circuit for generating 
a first drive voltage having a trapezoidal wave 
form in synchronization with a timing signal 20 
provided from outside; 

a drive circuit, in accordance with a printing sig- 
nal provided from outside, for outputting the 
first drive voltage to a piezo-vibrator and. in 
synchronization with the timing signal, for 2S 
selectively outputting a second drive voltage, 
which is used to generate such a small pulse 
that cannot jet out ink drops from the nozzle 
opening, to the piezo-vibrator in which a non- 
printing condition has continued for one or 30 
more cycles; and 

control means, when the time of application of 
the small pulse after completion of a printing 
operation exceeds a given time, for stopping 
the application of the small pulse. 35 

28. The recording device of an ink jet type according to 
claim 27, wherein the drive circuit applies the small 
pulse to the piezo-vibrator in accordance with the 

Or of the inverted data of the print data being cur- 40 
rently printed and the print data to be printed at the 
next print timing. 

29. The recording device of an ink jet type according to 
claim 27. wherein, at the time when a printing 45 
instruction is input from outside, if the recording 
head of an ink jet type has been released from cap- 
ping means for a third reference time or longer with- 
out executing a printing operation, the control 
means applies to the nozzle opening a drive signal so 
enabling ink drops to be jetted out from the nozzle 
opening, thereby executing a flushing operation to 

jet out a given number of ink drops and, after the 
flushing operation, applies the small pulse and 
waits for an input of a printing signal. 55 
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